and New Guinea, and the long-beaked echidna 
87
An early study reported the presence of piro-88 plasms in erythrocytes from two platypuses from 89 Queensland, Australia, based on microscopic 90 examination of blood films and proposed the name 91 T. ornithorhynchi (Mackerras 1959) . The para-92 site was further investigated by light microscopic 93 examination of blood smears from platypuses in 94 south-eastern Australia and protozoa were found 95 in the erythrocytes of 98% of the platypuses exam-96 ined (Collins et al. 1986 ). This high prevalence of 97 infection was reported to be related to the high 98 frequency of ticks infecting the platypuses (Ixodes 99 ornithorhynchi Lucas, 1845), however the para-100 sitaemia was low (∼1.0% of erythrocytes were 101 infected) and was apparently asymptomatic. In the 102 same study, a few inclusions were also observed in 103 leukocytes and identified as possible schizonts, but 104 this was not confirmed. The intra-erythrocytic forms 105 were examined by electron microscopy and were 106 observed to contain vacuoles, micronemes, rhop-107 tries and double unit membrane cytosomes. Collins 108 et al. reported these parasites as T. ornithorhynchi 109 (Collins et al. 1986 ), which was later thought to be 110 the cause of fatal haemolytic anaemia in one sick 111 individual (Kessell et al. 2014) .
112
Traditional piroplasm identification and classi-113 fication has, to a large extent, been based on 114 morphology and serology (in domestic animals), 115 both of which are of limited utility in consis-116 tently differentiating closely related apicomplexans. 117 Babesia spp. are typically distinguished from 118 Theileria spp., based on several life-cycle char-119 acteristics, including distinctions in their biology 120 within the invertebrate host (e.g., trans-ovarial ver-121 sus trans-stadial transmission, in Babesia and 122 T., respectively), the mode of transmission from 123 vector to vertebrate host, and the location of 124 replication in the vertebrate hosts (i.e., Babesia 125 multiplies only in red blood cells, while T. under-126 goes extra-erythrocytic schizogony in lymphocytes 127 or macrophages, prior to the erythrocytic stage) 128 (Uilenberg 2006).
129
Despite these relatively clear biological distinc-130 tions, piroplasm taxonomy is still confused, with 131 the molecular systematics characterized by various 132 multi-generic clades, unresolved taxa and para-133 phyletic or polyphyletic genera. During the present 134 study, screening of wild platypuses was performed 135 to attempt to resolve the molecular classification 136 of protozoan parasites morphologically consistent 137 with T. ornithorhynchi Mackerras, 1959 
231
In the Bayesian tree, the platypus-derived 232 sequences consistently formed a monophyletic 233 clade, which never included sequences from other 234 hosts. The clade was basal to all other piro-235 plasms, except those from the B. microti group 236 (archaeopiroplasmids) (Fig. 2) . In all trees, the 237 clade received strong statistical support: poste-238 rior probability (PP) (Fig. 3) .
280
Based on genetic distance, the platypus-derived 281 genotype was marginally more similar to some iso-282 lates of Babesia macropus (e.g., accession number 283 KM389895) than it was to the theilerias. How-284 ever, the unrealistic genetic distances (44% -48%), 285 biased by the scant reference set of taxa available 286 in GenBank, make this result likely meaningless. (Fig. 1B) , this is the only study describ-313 ing the sporadic presence of tetrads and putative 314 extra-erythrocytic (schizont) stages, which are the 315 distinguishing features of the genus Theileria. Apart 316 that the leukocytic inclusions might not necessar-317 ily be part of the life cycle of the intraerythrocytic 318 forms (Collins et al. 1986 ), the compelling evidence 319 of schizonts (of T. ornithorhynchi) has never been 320 ascertained in any study. Thus, providing that all 321 organisms from the previous papers are the same, 322 it appears that the documentation of tetrads is the 323 only conclusive evidence that this parasite belongs 324 to the genus Theileria. Transovarial transmission 325 is a peculiarity of Babesia spp., used to distin-326 guish them from members of the genus Theileria. 327 The absence of such a modality of transmission 328 would have further confirmed the similarity of T. 329 ornithorhynchi to the true theilerias. Unfortunately 330 despite the negative PCR results provided by the 331 tick eggs tested during the present study, the female 332 tick that laid the eggs (PT 104.4) was also negative 333 (or the extracted DNA was unviable) ( Table 1) .
334
The present paper represents the first molecu-335 lar characterization of piroplasms morphologically 336 compatible with T. ornithorhynchi (Collins et al. 337 1986; Kessell et al. 2014; Mackerras 1959 ported by the present study.
452

Conclusions
453
In conclusion, the present study represents the (Table 1) . Whilst anaesthetised, the skin and hair coat of each 499 platypus was inspected for ectoparasites and any that were 500 observed were removed, stored in 70% ethanol and sent to 501 Murdoch University for identification and molecular analyses. 502 Ectoparasites were removed from 8 animals in total (platypuses 503 11, 20, 24, 34, 38, 50, 57 and 104) and included: adult ticks (PT 504 samples; n = 10), tick nymphs (PTN samples; n = 2) and one 505 leech (PTL 57) (Table 1) . Moreover, one engorged adult tick 506 was kept alive in a humidified tube until it produced eggs. Initially 507 the eggs were incubated in humidified tubes at room tempera-508 ture to encourage hatching, but when none had hatched after 509 3-4 weeks, these also were stored in 70% ethanol for molec-510 ular analyses (PTE samples; n > 500 in two batches; from 511 an engorged tick, collected from one animal). The respective 512 female tick was preserved in 70% ethanol once egg-laying was 513 complete and then analysed. Ectoparasites were morpholog-514 ically identified using a stereo microscope (Olympus SZ61 I, 515 Japan) and reference to a standard key (Roberts 1970) , prior 516 to DNA extraction and molecular analysis.
517
Blood film analysis: A single drop of peripheral blood 518 was used to make thin blood smears, which were stained on 519 arrival at Murdoch University with a modified Wright's stain 520 using an Ames Hema-Tek slide stainer (Bayer, Germany). 521 Stained blood films were systematically examined at x400 mag-522 nification for the presence of trypomastigotes using a BX50 523 microscope (Olympus, Japan) with screen views generated 524 by a DP Controller v3.2.1.276 (Olympus, Japan). If parasites 525 were observed, the morphology was noted and measurements 526 were made at ×1000 magnification, using Image J software 527 (http://rsbweb.nih.gov/ij/). Additional assessment of peripheral 528 blood cell morphology and characteristics (e.g., anisocytosis, 529 polychromasia, estimate of platelet numbers and the presence 530 of intracellular inclusions; data not shown) was also conducted 531 at Murdoch University using the blood smears described previ-532 ously.
533
DNA extraction: Ectoparasites were washed twice in ster-534 ile, molecular grade water and sliced on sterile Petri dishes, 535 using sterile scalpel blades. Total genomic DNA was isolated 536 using the QIAamp DNeasy Animal Tissue Spin-Column Proto-537 col (Qiagen, USA). Lysis was achieved by overnight digestion 538 with Proteinase K (Qiagen, USA), followed by bead beating 539 on a benchtop Vortex Genie 2 vortex (5 minutes, maximum 540 speed) (MO BIO, USA). DNA was eluted in 60 L of TE buffer. 541 PTN samples (PTN 50 and PTN 104) consisted of two pools 542 of nymphs (5 nymphs/pool). Each pool consisted of ectopara-543 sites collected from one animal only (i.e., from platypus 50 or 544 104, respectively) ( Table 1) . DNA from tick eggs was extracted 545 in the same way, except that no scalpel blade was used. For 546 whole blood/EDTA (200 L), total genomic DNA was isolated, 547 according to the manufacturer's instructions, using a Master-548 Pure Purification Kit (Epicentre Biotechnologies, USA) and 549 resuspended in 50 L of TE buffer. Mock extractions were car-550 ried out from sterile molecular-grade water, to exclude DNA 551 contamination from reagents and consumables. All DNA prepa-552 rations were checked for purity by agarose gel electrophoresis 553 and quantified by spectrophotometric absorbance using a Nan-554 odrop ND-1000 (Thermo Scientific, USA).
555
Molecular analysis: DNA samples were screened for the 556 presence of piroplasmid-specific 18S ribosomal RNA gene 557 (18S rDNA), by nested PCR (850 bp), using BTF1/BTR1 558 and BTF2/BTR2 primers as previously described (Jefferies 559 et al. 2007 ). For confirmation, a second nested PCR 560 primer set (Paparini et al. 2014b ) was used to obtain 561 longer 18S rDNA sequences (1,466 bp), from a subset 562 of positive samples; primer pairs BT18SF1/BT18SR1, fol-563 lowed by BT18SF2/BT18SR2, were used as previously 564 described (Paparini et al. 2012 
620
For BI analysis based on the hsp70 locus the same pro-621 cedure was used. However alignment was not curated as it 622 contained no gaps, and the Kimura 2-parameter + G (0.3) model 623 was chosen, after testing in MEGA6 (Tamura et al. 2013 
